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Objectives: This study was performed to demonstrate he value and durability of intraoperative r trograde angioplasty 
for stenotic lesions of the aortic arch branches at the time of carotid endarterectomy for the treatment of tandem proximal 
and bifurcation carotid lesions. 
Design: Retrospective analysis of the clinical data. 
Methods: Forty-four patients were included in this study when they presented with symptomatic extracranial vascular 
disease due to stenosis of both a proximal aortic arch branch and carotid bifurcation disease. Tandem disease was detected 
in the vascular laboratory and confirmed by angiography. Each patient was subjected to conventional carotid endarterectomy, 
and at the time of operation, the proximal esion was subjected to transluminal angioplasty through the endarterectomy 
arteriotomy (brachiocephalic 24; left common carotid 15; right common carotid artery five). Patients were then followed 
up clinically and by non-invasive tests at 6-monthly intervals. 
Results: Forty-three successful dilatations were achieved. The single initial technical failure was due to heavy calcification 
of a brachiocephalic artery. In the follow-up period restenosis was noted in four patients. All restenoses occurred within 
24 months. No restenosis at the angioplasty site was noted on subsequent follow-up of the remaining 39 patients. No 
perioperative stroke or death was encountered. A surprisingly high mortality rate was noted on follow-up in this group 
of patients, suggesting the presence of more aggressive and advanced iffuse vascular disease. 
Conclusion: Retrograde intraoperative angioplasty of the proximal component of a tandem extracraniaI lesion has in this 
series proven to be a safe and durable therapeutic option. This technique has an acceptable r stenosis rate in a subset of 
patients who have been demonstrated to have a shortened life expectancy and a high mortality rate in the follow-up 
period. 
Key Words: Carotid stenosis; Brachiocephalic stenosis; Common carotid stenosis; Intraoperative balloon angioplasty; 
Carotid endarterectomy. 
Introduction 
In patients presenting with transient focal ischaemia 
(TIA), amaurosis fugax or minor stroke, the de- 
monstration of high grade stenoses of both the bra- 
chiocephalic or common carotid artery origin and the 
carotid bifurcation presents the treating physician with 
a therapeutic dilemma. The embolic episode causing 
the symptoms may have originated from either the 
more proximal brachiocephalic or common carotid 
origin lesion, or from the more usual site at the carotid 
bifurcation. As no diagnostic technique can determine 
with accuracy from which of the two lesions the 
embolic presentation has arisen, current surgical wis- 
dom dictates that both lesions should be corrected in 
* Please address all correspondence to: L. J. Levien, Department of 
Surgery, University of the Witwatersrand, 7 York Road, Parktown, 
Johannesburg, South Africa 2093. 
order to prevent reliably ongoing symptoms and effect 
stroke risk reduction. 
In the past, such proximal lesions of the supra- 
aortic branches were treated by intrathoracic tocervical 
bypass operation or endarterectomy, 1 with the at- 
tendant morbidity of a sternotomy or thoracotomy. 
More recently, an extrathoracic, extra-anatomic ap- 
proach has become the preferred operative choice in 
the treatment of these lesions, a A therapeutic option 
which avoids additional major surgery and addresses 
both lesions at the same operative procedure is an 
attractive alternative to two separate interventions. 
The advent of percutaneous transluminal balloon di- 
latation 3~ offered the possibility of first treating the 
proximal lesion by dilatation, followed by con- 
ventional carotid bifurcation endarterectomyo Such an 
approach as the potential disadvantage of causing 
distal embolisation at the time of the percutaneous 
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procedure, and an additional operative intervention 
is subsequently required for correction of the more 
distal carotid bifurcation stenosis. Percutaneous trans- 
luminal balloon dilatation of the proximal stenosis at 
the time of the carotid bifurcation endarterectomy 
operation 7's requires the additional complexity of the 
remote vascular access, which would not otherwise 
be required if the carotid bifurcation already exposed 
for carotid endarterectomy, is used as the route for 
endovascular access. Such intraoperative r trograde 
transluminal ngioplasty of the supra-aortic branches 
at the time of carotid bifurcation endarterectomy has 
previously been described. 9 Other authors have re- 
ported intraoperative dilatation of proximal brachio- 
cephalic and common carotid origin lesions, ~°'1~ 
and dilatation of lesions distal to the site of the ar- 
teriotomy ~2'~3 at the time of open carotid bifurcation 
operation. 
The aim of this study is to evaluate the safety 
and long-term outcome of retrograde intraoperative 
balloon angioplasty of stenotic lesions of the bra- 
chiocephalic or common carotid arteries performed in 
symptomatic patients with such proximal lesions and 
with associated high grade carotid bifurcation stenosis. 
Materials and Methods 
All patients with carotid territory TIA, amaurosis fugax 
or retinal embolus, stable stroke with good recovery, 
and non-hemispheric is haemia occurring in the pres- 
ence of diffuse vascular disease presenting to a single 
surgeon (LJL), were investigated by non-invasive t st- 
ing at the time of initial presentation. Patients were 
screened by a battery of non-invasive t sts consisting of 
bilateral brachial systolic Doppler pressures, common 
carotid spectral analysis, cervical phonoangiography 
and carotid bifurcation duplex Doppler (Table 1). If, 
on the basis of these tests, the presence of stenosis of 
a supra-aortic branch together with carotid stenosis 
was suspected, patients were then all subjected to 
Table 1. Components of the non-invasive battery used to screen 
patients, and criteria for considering a component of the test 
positive for the presence of stenosis. 
Component of test Criteria for positive test 
Brachial systolic Doppler 
pressure 
Cervical phonoangiography 
Common carotid spectral 
analysis 
Duplex Doppler of the 
carotid bifurcation 
Table 2. Presenting symptoms of 44 patients with tandem proximal 
and carotid bifurcation lesions. 
Carotid territory TIA 19 
Amaurosis fugax 9 
TIA and amaurosis fugax 5 
Retinal embolus 3 
Stable stroke 5 
Non-hemispheric symptoms 3 
TIA = transient ischaemic episode. 
conventional contrast angiography. This study consists 
of 44 consecutive symptomatic patients with a docu- 
mented proximal stenosis of the brachiocephalic or
common carotid artery origin of greater than 50% 
diameter, and with a co-existing stenosis of the carotid 
bifurcation of >50% (more recently >70%). These 44 
patients were treated surgically 9 over the period 1983- 
1996. 
The presenting symptoms and demographic data of 
these 44 patients are listed in Tables 2 and 3. All 
patients had conventional carotid endarterectomy, as 
detailed by Moore. 14 At the time of surgery, after 
systemic heparin was given, the arteriotomy was per- 
formed at the carotid bifurcation, following which a 
guidewire was introduced through the arteriotomy 
and passed through the proximal stenotic lesion using 
fluoroscopic guidance. 9 Balloon angioplasty of the 
proximal lesion was then completed under fluoro- 
scopic screening. On deflation of the balloon, brisk 
forward bleeding was permitted through the ar- 
teriotomy to ensure that residual debris was flushed 
from the arterial segment subjected to the dilatation. 9 
When dilating the brachiocephalic artery on the right, 
a brachial pneumatic uff inflated to suprasystolic 
levels prevented emboli to the right hand. A Javid 
shunt was then selectively used according to the re- 
commendations of Moore. 15 A summary of the op- 
erative procedures performed in the 44 patients is 
contained in Table 4. 
After surgery, patients were followed at 6-12 month 
intervals by clinical evaluation and the same battery 
of non-invasive t sts. All tests were performed by the 
technician who had originally performed the tests on 
Table 3. Demographic and clinical data of patients undergoing 
angioplasty at the time of carotid endarterectomy. 
Pressure difference of 
>20 mmHg Male:female 22:22 
Bruit arising from the base of Male age 60, 8 years s.D. 8, 5 
the neck 31 Female age 60, 1 year S.D. 7, 8 
Peak velocity of >125 cm/s in Group age 60, 4 years S.D. 8, 1 
the common carotid Bilateral >50% lesions 32 
University of Washington, Ischaemic heart disease 25 
Seattle criteria 32-34 
S.D. = standard eviation. 
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Table 4. Operative procedures performed in 44 patients. 
Procedure Total 
L CCA angioplasty and L carotid endarterectomy 15 
R CCA angioplasty and R carotid endarterectomy 5 
Brachiocephalic angioplasty and carotid endarterectomy 24 
L = left; R = right; CCA = common carotid artery. 
entry to the study. All patients had negative non- 
invasive studies in the immediate postoperative 
period. Patients were regarded as having a restenosis 
if the non-invasive tests became positive during the 
follow-up period, or if the patients presented with 
further ipsilateral neurological symptoms and angio- 
graphy demonstrated a greater than 50% stenosis at the 
site of balloon angioplasty. Any patient who developed 
symptoms referable to the relevant side or who de- 
veloped positive non-invasive tests in the follow-up 
period, was subjected to angiography. 
Patency was defined as failure to demonstrate r - 
stenosis either on non-invasive testing or angiography 
in the follow-up period. Records were reviewed retro- 
spectively and any loss to follow-up, deaths or re- 
stenosis recorded. The available data were analysed 
by the left table metl~od. 16-19 
Results 
A summary of events occurring in patients available 
for analysis is contained in Table 5. 
Successful dilatation was achieved in 43 of the 44 
patients, and the carotid endarterectomy completed 
successfully in all 44 patients. No instance of peri- 
operative neurological loss, either permanent or tran- 
sient, was encountered in this study. The initial 
angioplasty failure in one patient was due to inability 
to dilate the proximal lesion satisfactorily, as a con- 
sequence of heavy and unyielding calcification of the 
Table 5. Postoperative events occurring in 44 patients. 
Event Total 
Failure (immediate) 1 
Restenosis - proximal 4 
Symptomatic 3 
Carotid bifurcation restenosis 2 
Symptomatic 0 
Lost to follow-up 8 
Death 17 
Myocardial infarction 14 
Malignancy 2 
Pulmonary 1 
Perioperative stroke 0 
Perioperative haematoma 2 
brachiocephalic artery. The carotid endarterectomy 
was completed in this patient despite the failure to 
achieve technical success with the proximal angio- 
plasty. This patient remained asymptomatic for 2 years 
on follow-up. 
Perioperative complications included wound haem- 
atoma requiring drainage in two patients. Transient 
intraoperative cardiac arrhythmia from the inadvertent 
introduction of a guidewire or catheter into the heart 
was noted in three patients, all of whom responded 
to removal of the instrumentation from the heart. 
In the follow-up of the initially successful 43 patients, 
four patients developed recurrent stenosis of the an- 
gioplasty site, all within 18 months of the original 
procedure. In one patient it was suspected that an 
early restenosis (<12 months) was associated with an 
initial incomplete dilatation of a lesion of the brachio- 
cephalic artery. After repeat dilatation via the trans- 
brachial route, this patient has subsequently remained 
well and the brachiocephalic artery remains widely 
patent after 5 years of follow-up. Two additional 
patients underwent restenosis of the brachiocephalic 
artery, at 6 and 12 months, respectively. Each of these 
patients were successfully treated by aorto-cervical 
grafting. The fourth case of restenosis involved the 
origin of the left common carotid artery and was noted 
18 months after the angioplasty. This patient was 
treated by subclavian to carotid vein graft. Ipsilateral 
ischaemic symptoms on follow-up were only en- 
countered in three of the four patients who had a 
documented restenosis. None of the patients regarded 
as patent in this study developed ipsilateral ischaemic 
symptoms on follow-up. 
The patency of the angioplasty site is presented in 
Fig. 1. After 3 years, patency of the angioplasty site 
was 88%, and projected to be better than 85% over the 
3-5 year follow-up period. No proximal restenosis was 
noted after 24 months. Two patients developed carotid 
bifurcation restenosis at the site of the endarterectomy, 
as demonstrated by follow-up duplex Doppler and 
angiogram. Neither of these patients had an associated 
proximal restenosis, and neither developed any symp- 
toms from the restenosis of the endarterectomy site. 
Mortality in this group of patients was mainly from 
ischaemic heart disease and is presented in Fig. 2. The 
cause of death in all patients uccumbing to coronary 
artery disease was confirmed either by unequivocal 
changes on electrocardiogram, or by post-mortem ex- 
amination. In both patients dying of malignant disease, 
the diagnosis of malignancy was confirmed by his- 
tology. There were no postoperative d aths within the 
first 12 months following surgery, but a high and 
sustained mortality rate, mainly due to manifestation 
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Fig. 1. Representative arch angiogram: (a)demonstrating brachio- 
cephalic stenosis, and selective carotid angiogram; (b)demonstrating 
a tandem lesion of the internal carotid origin which is suitable for 
the intraoperative angioplasty technique d scribed. 
of coronary artery disease, was noted from 12 months 
onwards. Five-year survival in this subset of patients 
was 46%, giving a calculated mortality rate of 11% per 
annum. 
Discussion 
Although the numbers contained in this study are 
small, particularly those available for meaningful ana- 
lysis after 3 years, patency of the angioplasty site was 
88% at 3 years, and projected to be better than 85% 
over the 3-5 year follow-up period. The loss to follow- 
up of eight of the 44 patients in this study is explained 
by a mobile and changing population. 
This study demonstrates that intraoperative r t- 
rograde transluminal ngioplasty at the time of carotid 
endarterectomy is an effective, safe and durable al- 
ternative to conventional surgery when a tandem prox- 
imal lesion is identified in a patient with an associated 
symptomatic high grade carotid stenosis. No patient 
in this series suffered a perioperative transient or 
permanent eurological loss. The additional technical 
complexity required in adding an intraoperative ret- 
rograde angioplasty hasnot resulted in any increase 
in surgical morbidity. The local complication rate en- 
countered in this series was equal to that experienced 
in our series of conventional carotid endarterectomy 
performed over the same period of time (unpublished 
data). 
Percutaneous transluminal ngioplasty ofthe supra- 
aortic branches prior to conventional carotid end- 
arterectomy may achieve the same results as intra- 
operative retrograde dilatation. 2°'21 However, the 
theoretical possibility of distal emboli from a lesion 
which is suspected to be unstable at the time of di- 
latation remains aconcern. 22'2s Moreover, the correction 
of both lesions during a single operative intervention 
may reduce cost and complexity of managing such 
patients. 9 
The patency obtained in this study indicates that an 
85% freedom from restenosis of the proximal an- 
gioplasty site can be expected, provided a successful 
dilatation is achieved at the time of the initial carotid 
surgery. All the restenoses occurred within the first 18 
months after the initial procedure. This suggests that 
patients who do not undergo restenosis within the 
first 2 years will experience an extremely ow restenosis 
rate at these anatomic sites. Although our numbers 
beyond 36 months are small, the data suggests that 
the 3-5 year restenosis rate will be less than 15%. It is 
noteworthy that all four restenoses detected in this 
series occurred relative arly. This timing suggests that 
neo-intimal hyperplasia may play an important role in 
restenosis of the supra-aortic vessels after angioplasty. 
However, it is possible that restenosis of the bra- 
chiocephalic or common carotid origin under these 
circumstances may well be related to technical in- 
adequacy of the initial dilatation. Indeed, in one case 
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Fig. 2. Patency of the proximal angioplasty site on follow-up as calculated by the life-table method. 
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Fig. 3. Survival/mortality of treated patients on follow-up as calculated by the life-table method. 
which underwent restenosis within 12 months, an 
incomplete dilatation had been noted at the time of 
initial surgery and repeat dilatation resulted in a 
widely patent lumen which has remained patent for 
longer than 5 years. The majority of patients in this 
series were treated by angioplasty prior to the free 
availability of stents. It is possible that better patency 
may be obtained by the selective deployment of suit- 
able stents 24 in those instances where dilatation is 
unsatisfactory or incomplete at the initial attempt. 
The only contra indicat ion to the use of this technique 
identi f ied in this series was the presence of marked 
calcification of the affected artery which can readi ly 
be detected on a p la in  radiograph.  The single technical 
failure in this series was due to r igid and uny ie ld ing  
calcification of the brachiocephal ic artery. 
A l though 50% stenosis of each of the components  
of the tandem lesion was required for inc lus ion into 
this s tudy initially, once the NASCET 25 and Euro- 
pean 26 carotid studies were publ i shed in 1991, pat ients 
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included in the study have had carotid bifurcation 
stenosis of 70% or greater before being considered for 
this type of surgical therapy. 
The presence of a proximal stenosis of the brachio- 
cephalic or common carotid origin was consistently 
detected by non-invasive testing 27 and subsequently 
confirmed by angiography. The same battery of non- 
invasive tests administered by the same operator was 
utilised in the postoperative follow-up of these 
patients. Since no routine angiography was under- 
taken in patients who remained asymptomatic in the 
postoperative follow-up, it is possible that restenosis 
of less than 50% occurred in some of our patients. 
These would have remained undetected, since the 
sensitivity of these non-invasive tests for proximal 
stenosis of less than 50% is poor. However, any patients 
who became symptomatic during the follow-up period 
were subjected to angiography. The absence of symp- 
toms in all but four patients with high grade restenosis 
suggests that restenosis of less than 50%, if present, 
remained asymptomatic and was unimportant. 
An important finding of this study is the high mor- 
tality recorded during follow-up of these patients, 
mainly as a result of coronary artery disease, and not 
as a result of stroke. The absence of mortality in the 
first 12 months postoperatively is possibly due to 
appropriate management of any coexisting coronary 
artery disease at the time of the initial evaluation and 
treatment. The 54% mortality documented at5 years 
represents an approximately 11% annual postoperative 
mortality rate, which is almost double that expected 
in patients with isolated carotid bifurcation sten- 
osis. 28-3° We believe that these patients have more 
advanced and diffuse vascular disease, compared to 
patients with isolated carotid bifurcation stenosis. In 
support of more advanced isease was the presence 
of clinically detectable coronary artery disease in two- 
thirds of our patients at the time of presentation, and 
the presence of bilateral carotid disease (greater than 
50% on both sides on angiography) in three-quarters 
of these patients. 
In conclusion, we have demonstrated that the subset 
of patients with symptomatic tandem lesions of a 
proximal artery and the carotid artery bifurcation, has 
a more advanced manifestation of vascular disease 
coupled with a reduced life expectancy. Transluminal 
angioplasty of the proximal lesion in this setting offers 
an effective, safe and durable alternative toother forms 
of conventional surgery in these high risk patients. 
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